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Infra-His Bundle Origin of Bidirectional Tachyeardia
By STAFFORD I. COHEN, M.D., ALBERT DEISSEROTH, M.D.,
AND HARVEY S. HECHT, M.D.
SUMMARY
A case of bidirectional tachycardia is presented in a patient with cardiomyopathy, pulmonary
emboli, and digitalis toxicity. The arrhythmia has usually been considered ventricular in origin.
A supraventricular origin has also been suggested. Simultaneous recordings of standard electro-
cardiographic leads and His bundle potentials demonstrated that the abnormal rhythm originated
in the left ventricle and indeed was a bidirecti;nal ventricular tachycardia. Enhanced phase 4
depolarization in the divisions of the left bundle branch is advanced as a theoretic underlying
mechanism in some instances of this arrhythmia.
Additional Indexing Words:
Aberrant ventricular conduction Phase 4 depolarization Digitalis toxicity
BIDIRECTIONAL tachyardia is an infrequent-
ly observed arrhythmia characterized by
alternating rightward and leftward axis shifts.
There is a regular, or slightly irregular, ventricular
rate of 140-180 beats/min. The associated electro-
cardiographic complexes are stated to have a
constant right bundle-branch block pattern.
Seventy-two cases have been recorded in man
since the first description by Schwensen in 1922.1--
However, the mechanism of this arrhythmia re-
mains controversial.30 We have obtained intracavi-
tary electrograms in a patient with bidirectional
tachycardia which revealed an infra-His origin of
this arrhythmia. We propose that enhanced phase 4
depolarization is a plausible underlying mechanism
in some instances of bidirectional tachycardia.
Case Report
The patient, a 59-year-old male clerk, was admitted
to the hospital for evaluation of dizziness and shortness
of breath. Seventeen and five years prior to admission
the patient had episodes of "fluttering" heart beat. On
the latter occasion, an electrocardiogram revealed atrial
fibrillation with a ventricular response of 150 beats/
min. The arrhythmia was slowed with digitoxin and
then converted to sinus rhythm. Digitoxin was
continued at a dose of 0.15 mg daily. Subsequently,
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annual employment examinations revealed an irregular
pulse.
Two months prior to admission, the patient had a
"flulike" syndrome characterized by weakness, anorexia,
nonproductive cough, vomiting, and diarrhea. One
month prior to admission, atrial fibrillation was noted at
a ventricular response of about 130 beats/min. The
dose of digitoxin was increased to 0.30 mg daily for 2
weeks and then was reduced to daily doses of 0.30 mg
alternating with 0.15 mg. Five days prior to admission,
persistent symptoms of dizziness and shortness of
breath occurred.
Physical examination on admission revealed mild
respiratory distress with a respiratory rate of 20
breaths/min. The blood pressure was 90/70 mm Hg,
the temperature was normal, and there was an irregular
pulse of 150 beats/min. The examination of the neck,
with the trunk elevated at an angle of 450, revealedjugular venous distension. The thyroid was of normal
size. The examination of the chest revealed moist rales
at both lung bases. The cardiac impulse was felt at the
fifth intercostal space in the anterior axillary line. The
heart sounds were faint and there were no murmurs.
The examination of the abdomen was normal. The
femoral and popliteal pulses were normal. There was no
leg edema or phlebitis.
Laboratory data revealed a normal complete blood
count. Creatinine, sodium, potassium, chloride, total
bicarbinate, arterial blood gases, and pH were also
normal. The serum digitoxin level was 54 ng/ml(therapeutic range 5-30 ng/ml). Chest X-ray revealed
upper zone vascular distension and generalized car-
diomegally.
The hospital course was complicated by persistent
heart failure and a variety of transient, abnormal heart
rhythms. The most prevalent rhythm, however, was
atrial fibrillation with a rapid ventricular response
which ranged from 95 to 150 beats/min.
During the first 10 days the serum digitoxin level
gradually fell from 54 ng/ml to 30 ng/ml. On the
fifteenth hospital day, right flank and pleuritic chest
pain was experienced. A pulmonary arteriogram was
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diagnostic of bilateral pulmonary emboli. Anticoagula-
tion xvith heparin was then instituted and sodium war-
farin was substituted for heparin during the latter part
of the hospitalization.
The remaining hospital course was complicated by
rapid atrial fibrillation and left ventricular decompen-
satioin. Car.diac catheterization, performed on the
twenty-eighth hospital (lay, revealed right and left
heart failure. The cardiac index was 0.9 liters/min/m2.
Left ventricular angiography demonstrated poor con-
tractility of the left ventricle and minimal mitral
regurgitation.
The patient died on the thirty-second hospital day.
Post modem examination of the heart and lungs
revealed a cardiomyopathy with right and left
ventricular hypertrophy and dilatation. The coronary
arteries and cardiac valves were normal. Examination of
the lungs revealed recent and old bilateral pulmonary
emboli.
Electrocardiograms and His Bundle Electrograms
The admission electrocardiogram (fig. 1) revealed a
slightly irregular ventricular rate of 150 beats/mim.
There were sequences of right bundle-branch block
pattern beats with an electric axis that alternated
between -90° and +120°. Atrial fibrillation was
apparent after the ventricular rate was diminished to
130/min by initravenous lidocaine (100mg). Each of
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the alternating abnormal patterns also manifested as a
single abnormal complex. The cycle terminating in an
abnormal complex was preceeded at times by a long
cycle length and at other times by a short cycle
length.
A His bundle study was performed by the usual
technic2in2 order to better characterize the arrhythmia.
As the catheter was withdrawn fr-om the right
ventricuilar cavity, a right bundle-branch potential was
identified. It xvas separated from normal ventricular
activation by a short time interval. A well defined
triphasic His bundle potential:32 36 was then identified
and characterized as 20 msec in duration and 53 msec
before each normally conducted beat. A compelling
reason not to attempt validation by bundle of His
pacing37 was the likelihood of producing repetitive
ventricular responses while introducing high-output
stimuli within the right ventricle in the settinig of
digitalis toxicity.38 40) All iormal complexes were
preceded by a His bundle potential. Abnormal
complexes, however, were not preceded by a His
btundle potential (figs. 2, 3). Stimultaneous standard
leads TI and V1 demonstrated that the abnormal
complexes were all of right bundle-bran-ch block
configuration, anid that there was an alternating electric
axis. There was a variable pattern of right bundle-
branch block in lead V1. On each occasion the complex
that initiated a sequence of abnormal beats had a right
vi
4(2~~~~~~~M4.; A . . + .[ A s s
4(3
v-S ~ ~~t>/ il,
V44
4A~~~~~~~~~~~~~~~~.
pjXr;'UJ -t¢:¢zrf....... ... W i. ...
i 7 tu
Figure 1
Admission ECG. Bidirectional tachycardia is present. For the most part the beats alternate between an
axis of 90° and +120t. There are occasional beats of normal appearance such as the first beat in
lead III and the nonright bundle-branch block beats in lead V1.
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Figure 2
His buindle electrogram during bidirectional ventricular tachycardia. Recordings are of simultaneous stan-
dard leads II and V1, an a bipolar electrogram from the area of the bundle of His. The first and last beats
are normally conducted and are preceded by a His bundle potential (HB) with a H-V time of 53 mnsec.
There is an intervening sequence of three abnormal beats which are not preceded by His potentials. The
abnormal beats alternate their axis and have a right bundle-branch block pattern. The intervals between
abnormal beats are slightly variable. There is a bottom insert which illustrates the intermittency of the
tachycardia at the time of His bundle study. H-V = His-ventricular, an indicator of intraventricular con-
duction time. (Normal = 35-50 msec.)
bundle-branch block pattern with right-axis deviation.
Two examples among many are shown in figures 2
and 3.
Clinical Features of Bidirectional
Ventricular Tachycardia
A summary of case material since 1922 is presented
in table 1. The arrhythmia occurred in a clinical setting
of severely compromising cardiac disease. Atrial
fibrillation was present in 44% of patients (32/72).
Digitalis was being adminiistered in 82% of patients
(59/72) and, in many, was stated to be a
causative agent in producing bidirectional
tachycardia.'-(; 10, 11, 13, 15, 18, 23, 26 In thirty-nine pa-
tients whose clinical course was reported,29' 30 70%
(27/39) expired within hours to days, 15% (6/39)
expired within 3-12 months, and only 15% (6/39)
survived more than 1 year. Autopsy analysis
revealed varied cardiac pathology such as peri-
carditis '3, 6, 7, 12, 19 myocarditis,28, 31 rheumatic heart
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Figure 3
His buindle electrogram during bidirectional ventricul ir tachycardia. The first, second, and last beats are
normally conducted and are preceded by His bundle excitation (HB) with an H-V tine of 53 msec.
There is an intervening sequence of five abnormal beats which are not preceded by His bundle potentials.
The abnormal beats alternate their axis and all have a right bundle-branch block pattern. The intervals be-
tween the first and second abnormal beat is longer (453 msec) than those which follow (435 rnsec).
V-V =His-ventricular, an indicator of intraventricular conduction time. (Normal = 35-50 msec.)
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Table 1
Some Clinical and Electrocardiographic
Bidirectional Ventricular Tachycardia
Features ot
disease,'12 19 myocardial infarction,17 and vacuolar
degeneration of myocardial cells.6' 7, 12, 28, 31
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This patient is similar to the majority of patients
Axis of initiating with bidirectional tachycardia. There was documen-
complex in BVT
tation of severely compromised cardiac function.LAD The initial impression of digitalis toxicity was
confirmed by a substantially elevated digitoxin
LAD, RAD level. Death occurred during the hospitalization.
Bidirectional tachycardia has been a well docu-
mented abnormality for 50 years. The proposed
mechanisms for this arrhythmia have been recently
reviewed.30 The two most favored theories include
a supraventricular origin with aberrant ventricular
RAD conduction and ectopic impulse formation within
RAD the left ventricle.
LAD, RAD Indirect evidence that bidirectional tachycardia
RAD originates from a supraventricular focus comes from
the association of this arrhythmia with A-V nodal or
junctional tachycardia.16' 19, 25, 29 Also, bidirectional
RAD tachycardia has been abolished with vagal maneu-
vers.16, 19, 22 Rosenbaum believes that bidirectional
tachycardia is a supraventricular tachycardia with
permanent aberrant conduction in the right bundle
branch.30 The alternating axis shifts result from
alternate aberrant conduction in the two divisions
LAD, RAD of the left bundle branch.30
LAD The repetitive right bundle-branch block pattern
that occurs with aberrant conduction from aLAD supraventricular pacemaker site is believed to be
the result of a perpetuation of refractoriness in the
LAD right bundle branch.41 42 Interference with normal
excitation of the anterior division of the left bundle
branch results in the late depolarization of the
anterolateral wall and a leftward shift of the
electrical axis.43-56 Interference with normal excita-
LAD tion of the posterior division of the left bundle
branch results in a rightward shift of electrical
axis.44' 48, 49 Therefore, alternating blockade in the
divisions of the left bundle branch will result in
alternating rightward and leftward axis shifts of
sequential aberrantly conducted beats. Alternating
RAD (2) conduction of the left bundle branch divisions is
LAD believed possible because the blocked division is
"insulated" from the delayed excitation which
LAD occurs in the area of its distribution thereby
LAD
-T -t *Cases were excluded that were previously reported in
1/13 12/13 LAD (1) ref 25.
LAD tIncludes one patient who also had NSR (ref 7).
Abbreviations: AF = atrial fibrillation; Ref = reference;
24t 59 LAD = 13 NSR = normal sinus rhythm; BVT = bidirectional ven-
RAD = 9 tricular tachycardia.
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permitting total recovery in time to conduct the
next impulse.30 According to this view, the division
which was previously conductive becomes refrac-
tory to the next impulse.30
His bundle electrocardiography provides more
precise data than have heretofore been available for
analysis of bidirectional ventricular tachycardia.
Our data support an infra-His bundle origin of this
puzzling arrhythmia. First, the His bundle record-
ing demonstrated the absence of sequential His
bundle-ventricular excitation during abnormal ven-
tricular conduction. Second, there was evidence of
two types of isolated ventricular ectopic activity
A
which, when in sequence, resulted in a bidirectional
arrhythmia. Third, the cycle terminating in an
abnormal beat did not always follow a long cycle
length, which is the cycling pattern usually
observed in aberrant supraventricular conduction.5'
Fourth, the beat that initiated an abnormal se-
quence had a configuration of right bundle-branch
block with right-axis deviation contrary to the ex-
pected right bundle-branch block left-axis deviation
configuration commonly associated with aberrant
supraventricular conduction.30' 52
In our view, a theoretic explanation for bidirec-
tional tachycardia can be made by assuming that
ECG
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Figure 4
The mechanism of alternating axis deviation during bidirectional ventricular tachycardia: a schematic rep-
resentation. (See text for additionl explanation.) (A) Electrocardiogram. The first beat is of normal
configuration and is followed by three abnormal beats with respective right, left, and right-axis shifts. A
right-axis shift results from blocked transmission in the posterior division of the left bundle branch. A left-
axis shift results from blocked transmission in the anterior division of the left bundle branch. (B) De-
picts the recovery time of each division. The earlier excited division has a longer recovery time than the
blocked, tardily excited division. Thus, in the event of posterior division block in the second and fourth
beats, the anterior division will have a longer recovery time than the posterior division following excita-
tion. (C) Antegrade conduction from an ectopic pacemaker (*) in the common left bundle branch ad-
vances down the left bundle branch (LBB) and into its divisions. Conduction is normal in the first beat,
conduction blocks in the posterior division in the secQnd and fourth beats, and blocks in the anterior divi-
sion in the third beat. In each instance of blocked division in a retrograde fashion (interrupted arrows). (D)
Represents the transmembrane action potential (mv) of the anterior and posterior division at the time
of antegrade excitation. The transmembrane action potential is represented by a dot under the appropri-
ate division. After the first normal beat, the transmembrane action potential rose to -65 mv in the
posterior division because of enhanced phase 4 depolarization and resulted in transmission block. The
anterior division was conductive and had a longer diastolic recovery period than the tardily excited
blocked posterior division. The longer diastolic recovery period permitted a longer interval for phase
4 depolarization in the anterior division which reached -60 mv and produced block at the time of
antegrade excitation. A concommitant leftward axis shift occurred. The lst beat again has block of
the posterior division because of a perpetuation of differential recovery times and phase 4 depolarization.
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there is an ectopic ventricular pacemaker, enhanced
phase 4 depolarization (the spontaneous loss of
diastolic resting membrane potential) in the divi-
sions of the left bundle branch and retrograde
invasion of the blocked division of the left bundle
branch. A schematic representation of these vari-
ables is presented in figure 4. Digitalis, hypoxia, and
cardiac dilitation are frequently associated with this
arrhythmia and are known to enhance phase 4
depolarization.53-56 Singer has shown that phase 4-
related block may be localized to only one area of a
conductive pathway.55 The failure of propagation
of a wave front of excitation can occur when
excitation advances to conducting tissue with
abnormal resting membrane potentials in the range
of -65 to -60 mv.55 If we assume a steeply
increased rate of rise of phase 4 depolarization,
when threshold potential is reached, ectopic activity
will occur. If one left bundle division has
approached -65 to -60 mv more rapidly than the
other at the time of an advancing excitation wave
from an ectopic focus, there will be blockade of the
wave front in that division. Moreover, the other
division could be excitated with a variable transmis-
sion time depending upon its transmembrane
potential. The reader is referred to the legend of
figure 4 for a detailed explanation of alternating
axis.
Alternating antegrade block in the divisions of
the left bundle branch, because of enhanced phase
4 depolarization, could explain bidirectional ventric-
ular tachycardia in those cases where the pace-
maker is supraventricular, at the A-V node, in the
bundle of His, in the common left bundle branch as
presented in figure 4 for illustrative purposes, or at
some appropriate location in the left ventricle such
as the junction between the anterior and posterior
divisions of the left bundle branch.
The abnormal right-axis complexes had a taller
and broader R wave in lead V1 than did the
abnormal left-axis complexes. The H-V time was
constant at 53 msec and was only noted with
normal beats. Fusion beats were not noted.
Variations in the pathways of excitation from an
ectopic pacemaker57' 58 could account for the
nonuniformity of right ventricular excitation and
could explain the two general variations in the right
bundle-branch complexes in lead V1.
References
1. SCHWENSEN C: Ventricular tachycardia as the result of
the administration of digitalis. Heart 9: 199, 1922
2. FELDERBAUM D: Paroxysmal ventricular tachycardia.
Amer J Med Sci 166: 211, 1923
Circulation, Volume XLVII, June 1973
3. LUTEN D: Clinical studies of digitalis: Advanced toxic
rhythms. Arch Intern Med (Chicago) 35: 87,
1925
4. CALLAVARDIN L: Tachycardia ventriculare terminale.
Arch Mal Coeur 19: 153, 1926
5. CLERE A, LEvY R: L'anarchie ventriculare. Presse Med
34: 1073, 1926
6. MARVIN HM: Paroxysmal ventricular tachycardia with
alternating complexes due to digitalis intoxication.
Amer Heart J 4: 21, 1928
7. ORsi A, VILLA L: Sur l'anarchie ventriculare. Arch
Mal Coeur 21: 352, 1928
8. PALMER RS, WHITE PD: Paroxysmal ventricular
tachycardia with rhythmic alternation in direction of
the ventricular complexes in the electrocardiogram.
Amer Heart J 3:454, 1928
9. STRAUSS MB: Paroxysmal ventricular tachycardia. Amer
J Med Sci 179:337, 1930
10. SCHWAB EH: Observations on the etiilogy and
treatment of paroxysmal ventricular tachycardia.
Amer Heart J 6: 404, 1931
11. HOWARD T: Ventricular tachycardia. Amer Heart J 8:
285, 1932
12. SCHERF D, KISCH B: Ventricular tachyeardias with
variform ventricular complexes. Bull NY Med Coll
2: 73, 1939
13. BARRETO DE BARROS AL, PONDE A: Doenca de chagas
na bahia Dois casos parisitalogicamente confirmados.
Brasil Med 59: 394, 1945
14. BRAUN L, WOSIKA PH: Bidirectional tachycardia:
Toxicity of different glycosides. Amer Heart J 31:
557, 1946
15. FREUNDLICH J: Paroxysmal ventricular tachycardia.
Amer Heart J 31: 557, 1946
16. ZIMDAHL WT, KRAMER LI: On the mechanism of
paroxysmal tachycardia with rhythmic alternation in
the direction of the ventricular complexes. Amer
Heart J 33: 218, 1947
17. DIMATTEo J, COBLENIZ B, ELIACHAR S: Les derivations
precordailes dans un cas de tachycardie ventriculare
a complexes altemants. Arch Mal Coeur 42: 251,
1949
18. ENGELBERG CD, SIMMONS HG, MINTZ AA: The effects
of potassium upon the heart with special reference to
the possibility of treatment of toxic arrhythmias due
to digitalis. Amer Heart J 35: 713, 1949
19. ZIMBDAHL WT, TOWNSEND CE: Bidirectional ventricu-
lar tachycardia due to digitalis poisoning. Amer Heart
J 47: 304, 1954
20. CALVINO JM, AZAN L, CASTELLANOS A: Valor de las
derivaciones esofagicas en las arritmias complejas.
Rev Cubana Cardiol 16: 293, 1955
21. HELLMAN E, LIND A: Bidirectional tachycardia. Amer
Heart J 51: 140, 1956
22. VELASQUEZ J, KELSER GA JR: Alternating bidirectional
tachycardia. Amer Heart J 54: 440, 1957
23. JICK S, KARSH R: The effect of calcium kelation on
cardiac arrhythmias and conduction disturbances.
Amer J Cardiol 4: 287, 1959
24. LOWN B, LEVINE HD: Atrial Arrhythmias, Digitalis,
and Potassium. New York, Appleton-Century-Crofts
Ine, 1959, p 139
1265
D
ow
nloaded from
 http://ahajournals.org by on June 30, 2020
COHEN ET AL.
25. CASTELLANOS A JR, AZAN L, CALvINo JM: Simultan-
eous tachycardia. Amer Heart J 59: 358, 1960
26. CASTELLANOS A JR: The genesis of bidirectional
tachyeardias. Amer Heart J 61: 733, 1961
27. CHEVALLIER RB: Bidirectional tachycardia. Amer J
Cardiol 9: 86, 1962
28. RUNCO V, RYAN MJ, BOOTH RW: Bidirectional
tachycardia. Amer J Cardiol 9: 626, 1962
29. SEPAHA CC, JAIN SR, BHANNDAR1 CR: Bidirectional
tachycardia. Brit Heart J 24: 61, 1962
30. ROSENBAUM MB, ELIZARI MV, LAZZARI JO: The
mechanism of bidirectional tachycardia. Amer Heart
J 78: 4, 1969
31. GAULT JH, CANTWELL J, LiEv M, BRAUNWALD E: Fatal
familial cardiac arrhythmias. Amer J Cardiol 29:
548, 1972
32. SCHERLAG BJ, LAU SH, HELFANT RH, BERKOWITZ WD,
STEIN E, DAMATO AN: Catheter technique for
recording His bundle activity in man. Circulation
39: 13, 1969
33. LAU SH, DAMATO AN, BERKOWITZ WD, PATTON RD: A
study of atrioventricular conduction in atrial fibrilla-
tion and flutter in man using His bundle recordings.
Circulation 40: 71, 1969
34. DAMATO AN, LAU SH, BERKOWrrZ WD, ROSEN KM,
Lisi KR: Recording of specialized conducting fibers
(A-V nodal, His bundle, and right bundle branch) in
man using an electrode catheter technique. Circula-
tion 39: 435, 1969
35. SCHERLAG BJ, NARULA OS, LIsTER JW, SAMET P:
Analysis of atrioventricular conduction by direct
intracardiac recordings. J Mount Sinai Hosp N Y 37:
266, 1970
36. DAMATO AN, LAU SH: Clinical value of the
electrogram of the conducting system. Progr Cardio-
vasc Dis 13: 119, 1970
37. NARULA OS, SCHERLAG BJ, SAMET P: Pervenous pacing
of the specialized conduction system in man: His
bundle and A-V nodal stimulation. Circulation 41:
77, 1970
38. CASTELLANOS A JR, LEMBERG L, CENTURION MJ,
BERKOVITs BV: Concealed digitalis-induced arrhyth-
mias unmasked by electrical stimulation of the heart.
Amer Heart J 73: 484, 1967
39. LOWN B, RossI M, CANNON R: Electrical stimulation
and digitalis drugs: Repetitive response in diastole.
Proc Soc Exper Biol Med 126: 698, 1968
40. LOWN B: Electrical stimulation to estimate the degree
of digitalization. Amer J Cardiol 22: 251, 1968
41. GAUAUX JL, ASHMAN R: Auricular fibrillation with
aberration simulating ventricular paroxysmal tachy-
cardia. Amer Heart J 34: 366, 1947
42. MOE GK, MENDEZ C, HAN J: Aberrant A-V impulse
propagation in the dog heart: A study of functional
bundle branch block. Circ Res 16: 261, 1965
43. WHELLENS HJJ, DURRER D: Supraventricular tachycar-
dia with left aberrant conduction due to retrograde
invasion into the left bundle branch. Circulation 38:
474, 1968
44. ROSENBAUM MB, ELIZARI MV, LAZZARI JO: The
hemiblock. Florida, Tampa Tracings, 1970
45. GRANT RP: Left axis deviation: Electrocardiographic
pathologic correlation study. Circulation 14: 233,
1956
46. GRANT RP: Left axis deviation. Mod Conc Cardiovasc
Dis 27: 437, 1958
47. UHLEY HW, RIVEN L: Electrocardiographic pattems
following interruption of main and peripheral
branches of canine left bundle of His. Amer J Cardiol
13: 41, 1964
48. WATr TB JR, PRUITT RD: Electrocardiographic findings
associated with experimental arborizing block in dog.
Amer Heart J 69: 642, 1965
49. GRANT RP: Clinical electrocardiography. New York,
McGraw-Hill Book Co Inc, 1957, p 81
50. WATT RB JR, MURAO S, PRUITr RD: Left axis
deviation induced experimentally in primate heart.
Amer Heart J 70: 381, 1965
51. LANGENDORF R: Aberrant ventricular conduction. Amer
Heart J 41: 700, 1951
52. COHEN SI, LAU SH, STEIN E, YOUNG MW, DAMATO
AN: Variations of aberrant ventricular conduction in
man: Evidence of isolated and combined block
within the specialized conduction system. Circulation
28: 899, 1968
53. VASSALLE M, KARIS J, HOFFMAN B: Toxic effects of
ouabain on Purkinje fibers and ventricular muscle
fibers. Amer J Physiol 203: 433, 1962
54. KASSENBAUM OG: Electrophysiological effects of stro-
phanthin in the heart. J Pharmacol Exp Ther 140:
329, 1963
55. SINGER DH, LAZZARA R, HOFFMAN BF: Interrelation-
ships between automaticity and conduction in Pur-
kinje fibers. Circ Res 21: 537, 1967
56. HOFFMAN BF: Effects of digitalis on electrical activity
of cardiac fibers in digitalis, edited by Fish C,
Surawicz S. New York, Crune and Stratton, 1969, p
93
57. PALMER DG: Interuption of T waves by premature
QRS complexes and the relationship of this phenome-
non to ventricular fibrillation. Amer Heart J 63: 367,
1962
58. SMIRK FH, NG J: Cardiac ballet: Repetition of complex
electrocardiographic patterns. Brit Heart J 31: 426,
1969
Circulation, Volume XLVII, June 1973
1266
D
ow
nloaded from
 http://ahajournals.org by on June 30, 2020
